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Health Effects Information Used In Cancer and Noncancer Risk 

Characterization for the 2005 National-Scale Assessment 
 

Introduction 

 

Hazard identification and dose-response assessment information for the 2005 national-scale 

assessment was obtained from various sources and prioritized according to (1) conceptual 

consistency with EPA risk assessment guidelines and (2) the level of review received.  The 

prioritization process was aimed at incorporating into our assessment the best available science 

with respect to dose-response information.  The following sources were used. 

 

US Environmental Protection Agency (EPA) 

 

EPA has developed dose-response assessments for chronic exposure to many of the pollutants in 

this study.  These assessments typically specify a reference concentration, or RfC (to protect 

against effects other than cancer) and/or a unit risk estimate, or URE (to estimate the probability 

of contracting cancer).  The RfC is an estimate, with uncertainty spanning perhaps an order of 

magnitude, of an inhalation exposure to the human population (including sensitive subgroups) 

that is likely to be without appreciable risks of deleterious effects during a lifetime.  The URE is 

the upper-bound excess cancer risk estimated to result from a lifetime of continuous exposure to 

an agent at a concentration of 1 µg/m
3
 in air.  In assessing a substance’s carcinogenic potential, 

EPA evaluates various types of toxicological data and develops a weight-of-evidence (WOE) 

determination. Older WOE assessments use an alphanumeric categorization (recommended by 

EPA’s 1986 guidelines for carcinogen risk assessment); assessments developed since the 2005 

revisions to the cancer guidelines (see: 

http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=116283) characterize the WOE with a 

paragraph of descriptive text. 

 

EPA disseminates dose-response assessment information in several forms, depending on the 

level of internal review.  EPA publishes dose-response assessments that have achieved full intra-

agency consensus on its Integrated Risk Information System (IRIS), which is regularly updated 

and available on-line at http://www.epa.gov/iris.  All IRIS assessments since 1996 have also 

undergone external scientific peer review. 

 

Agency for Toxic Substances and Disease Registry (ATSDR) 

 

ATSDR, which is part of the US Department of Health and Human Services, develops and 

publishes Minimal Risk Levels (MRLs) for many toxic substances.  The MRL is defined as an 

estimate of daily human exposure to a substance that is likely to be without an appreciable risk of 

adverse effects (other than cancer) over a specified duration of exposure.  MRLs can be derived 

for acute, intermediate, and chronic duration exposures by the inhalation and oral routes.  

ATSDR describes MRLs as media-specific concentrations to be used by health assessors to 

select environmental contaminants for further evaluation.  MRLs are presented with only 1 

significant figure and are considered concentrations below which contaminants are unlikely to 

pose a health threat.  Concentrations above an MRL do not necessarily represent a threat, and 

MRLs are therefore not intended for use as predictors of adverse health effects or for setting 

cleanup levels. 
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Inhalation MRLs were used in the noncancer portion of this assessment when IRIS RfCs were 

not available because their concept, definition, and derivation are philosophically consistent 

(though not identical) with the basis for EPA’s RfCs.  ATSDR MRLs are reviewed by an expert 

panel of external peers and also by an interagency workgroup that includes EPA.  MRLs are 

published in pollutant-specific toxicological profile documents, and also in a table of 

“comparison values” that ATSDR regularly updates and distributes (available on-line at 

http://www.atsdr.cdc.gov/mrls.html ). 

  

California Office of Environmental Health Hazard Assessment (OEHHA) 

 

The California OEHHA has developed dose-response assessments for many substances, based 

both on carcinogenicity and health effects other than cancer. The process for developing these 

assessments is similar to that used by the EPA to develop IRIS values and incorporates 

significant external scientific peer review.  The non-cancer information includes available 

inhalation health risk guidance values expressed as chronic inhalation reference exposure levels 

(RELs).  OEHHA defines the REL as a concentration level at (or below) which no health effects 

are anticipated, a concept that is substantially similar to EPA’s non-cancer dose-response 

assessment perspective.  This assessment uses chronic RELs in the same way as RfCs when no 

IRIS or ATSDR values exist. 

 

OEHHA’s quantitative dose-response information on carcinogenicity by inhalation exposure is 

expressed in terms of the URE, defined similarly to EPA’s URE.  This assessment uses specific 

OEHHA UREs in the same way as EPA’s when no IRIS or values exist.  OEHHA’s dose 

response information for carcinogens and noncarcinogens is available on-line at 

http://www.oehha.ca.gov/air/hot_spots/index.html. 

 

US EPA Health Effects Assessment Tables (HEAST) 

 

HEAST is a comprehensive listing consisting almost entirely of provisional UREs, RfCs, and 

other risk assessment information for chemicals of interest.  Although the assessments 

summarized in HEAST have undergone review and have the concurrence of individual EPA 

program offices, and each is supported by an agency reference, they have not had enough review 

to be recognized as high-quality, EPA-wide consensus information.  Because of these 

limitations, and the fact that HEAST has not been updated since 1997 and exists only in hard 

copy (PB97-921199), this assessment uses HEAST information only when no values from the 

other sources described above are available. 

 

Prioritization of Data Sources 

 

Some substances have been assessed for dose-response by more than one of the agencies used as 

sources for this analysis. Because different scientists developed these assessments at different 

times for purposes that were similar but not identical, it is inevitable that the results are not 

totally consistent.  In some cases interagency differences were substantial, especially among 

assessments done many years apart.  To resolve interagency discrepancies for this analysis, EPA 

applied a consistent priority scheme to the universe of dose-response information. 
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Externally peer-reviewed assessments under development for the IRIS process were given first 

priority.  These assessments reflect the most recent available toxicity information and data 

analysis, and were used in some cases to supersede existing values on IRIS. Where externally 

peer reviewed IRIS draft assessments were not available, the next preferred source was EPA’s 

IRIS database.  For substances lacking IRIS assessments, ATSDR MRLs (available only for 

noncancer effects) received next preference, followed by OEHHA RELs and UREs.   

 

Adjustments to Dose-Response Information 

 

Following the prioritization of dose-response information, EPA made the following adjustments 

based on professional judgment: 

 

• Oral carcinogens lacking inhalation assessments.  For 12 carcinogenic substances, 

(benzotrichloride, captan, DDE, dichlorvos, 3,3'-dimethoxybenzidine, 3,3'-

dimethylbenzidine, 1,4-dioxane,  isophorone, pentachloronitrobenzene, propylene 

dichloride, quinoline, and trifluralin) that currently lack inhalation assessments from the 

sources described above, oral carcinogenic potency estimates were converted to 

inhalation UREs.  The conversion from oral risk (per mg/kg/d oral intake) to inhalation 

risk (per µg/m
3
 inhaled) was based on EPA’s standard assumptions of a 70-kg body mass 

and 20 m
3
/d inhalation rate, as follows: 

 

 

 

 

 

Where: URE = Unit risk estimate for inhalation (risk per µg/m
3
) 

CPS  = Carcinogenic potency slope for ingestion (risk per mg oral intake 

per kg body mass per day) 

 

OAQPS understands that method used for the conversion of oral dose-response 

information to inhalation exposure is a problematic risk assessment practice.  However, 

the alternative to this would have been to omit these substances from quantitative 

inhalation risk estimates altogether, thereby making a de facto assumption of zero 

carcinogenic potency.  For the purposes of the national-scale assessment, OAQPS prefers 

to use the approach described above to screen these carcinogens for their potential 

contributions to risk.  If a substance is determined to be a potentially important 

contributor to risk, it will be prioritized for further dose-response development through 

EPA’s IRIS process. 

 

• Hexavalent chromium compounds.  The IRIS RfC for particulate hexavalent chromium 

was used in preference to the RfC for chromic acid mists and dissolved aerosols.   

 

• Formaldehyde.  In recent NATA analyses (1999 and 2002), EPA utilized a cancer 

potency for inhalation exposure to formaldehyde derived from modeling sponsored by 

what was then the Chemical Industry Institute for Toxicology (CIIT), now called the 

Hamner Institutes for Health Sciences. Based on more recent publications, the EPA's 

Office of Research and Development (ORD) now believes there is sufficient published, 
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peer reviewed research to advise against the continued use of the CIIT potency estimate.  

EPA is currently updating the Integrated Risk Information System (IRIS) file for 

formaldehyde to consider new science published in the peer-reviewed and epidemiologic 

literature. This study is not expected to be completed in time for the release of the 2005 

NATA. Therefore, for this assessment and in the near term, EPA is using the existing 

IRIS URE value for formaldehyde. That URE is 1.3 x 10
-5

 per ug/m
3
. 

 

• Glycol ethers.  Most of the emission inventory information for the glycol ether category 

reports only the total mass for the entire group without distinguishing between individual 

glycol ether compounds.  These individual compounds, however, vary substantially in 

toxicity.  In order to avoid underestimating the health hazard associated with glycol 

ethers, EPA has protectively applied the RfC for ethylene glycol methyl ether (the most 

toxic for which an assessment exists) to the entire group. 

 

• Diesel emissions.  The national-scale assessments do not include quantitative cancer risk 

estimates for diesel emissions because EPA has judged that toxicological data are not yet 

sufficient to develop a URE.  However, diesel emissions have been assessed for effects 

other than cancer, using the 2003 IRIS RfC. 

 

• Nickel.  The IRIS URE for nickel inhalation shown in Table 1 below was derived from 

evidence of the carcinogenic effects of insoluble nickel compounds in crystalline form.  

Soluble nickel species, and insoluble species in amorphous form, do not appear to 

produce genotoxic effects by the same toxic mode of action as insoluble crystalline 

nickel.  Nickel speciation information for some of the largest nickel-emitting sources 

(including oil combustion, coal combustion, and others) suggests that at least 35% of 

total nickel emissions may be soluble compounds.  The remaining insoluble nickel 

emissions are not well-characterized, however.  Consistent with this limited information, 

this analysis has conservatively assumed that 65% of emitted nickel is insoluble, and that 

all insoluble nickel is crystalline. On this basis, the nickel URE (based on nickel 

subsulfide, and representative of pure insoluble crystalline nickel) was adjusted to reflect 

an assumption that 65% of the total mass of nickel may be carcinogenic.  The ATSDR 

MRL in Table 2 was not adjusted, however, because the noncancer effects of nickel are 

not thought to be limited to the crystalline, insoluble form. 

 

• 2-Nitropropane.  The assessment used a URE of 5.6 x 10-6 per ug/m
3
 for 2-nitropropane. 

 This value was derived in 1999 by the Health Council of the Netherlands (available at: 

http://www.gr.nl/pdf.php?ID=423&p=1), based on induction of hepatocellular nodules in 

rats, and is consistent with weight-of-evidence determinations by the U.S. National 

Toxicology Program (“reasonably anticipated to be a human carcinogen”) and the IARC 

(“possibly carcinogenic to humans”). 

 

• Polycyclic organic matter (POM).  The assessment divided POM emissions into eight 

categories.  The first two categories were assigned a URE equal to 5% of that for pure 

benzo[a]pyrene (the same assumption that the 1996 assessment used for all POM data).  

Categories 3-7 were composed of emissions that were reported as individual compounds. 

 These compounds were placed in the category with an appropriate URE.  Category 8, 

composed of unspeciated carcinogenic polynuclear aromatic hydrocarbons (a subset of 
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POM called 7-PAH), was assigned a URE equal to 18% of that for pure benzo[a]pyrene. 

Details on the development of the 5% and 18% URE estimates are available here: 

http://www.epa.gov/ttn/atw/sab/appendix-h.pdf. 

 

The process of URE estimation includes the following important sources of uncertainty: 

 

• Many of the substances in this assessment were classified as probable carcinogens, 

indicating that data were not sufficient to prove these substances definitely cause 

cancer in humans.  It is possible that some of these substances are not human 

carcinogens at environmentally relevant doses, and that the true risk associated with 

them is zero. 

 

• All UREs used in this assessment were based on linear extrapolation from high to low 

doses.  To the extent that true dose-response relationships for some substances are 

nonlinear, this assumption may result in significant over- or underestimates of risk. 

 

• UREs for most of these substances were developed from animal data using 

conservative methods to extrapolate between species.  Actual human responses may 

differ from the predicted ones.   

 

• Most UREs used in this assessment (typically, those based on animal data) were 

based on the statistical upper confidence limit (UCL) of the fitted dose-response 

curve.  That means true risk would probably be less, but could be greater.  A few 

(typically, those based on human data) were based on the statistical best fit 

(“maximum likelihood estimate,” or MLE). UREs based on the MLE are identified in 

a footnote to Table 1. This difference between UCL- and MLE-based assessments 

results in some UREs that are somewhat less conservative than the rest. 

 

Table 1: Dose-Responses Values 

  

This table lists includes dose-response values and supporting information for both cancer and 

noncancer effects used in the 2005 national-scale assessment. The EPA weight-of-evidence 

(WOE) categories characterize the extent to which available data support the hypothesis that a 

pollutant causes cancer in humans.  The EPA carcinogen categories are Carcinogenic to Humans, 

Likely to be Carcinogenic to Humans, Suggestive Evidence of Carcinogenic Potential,, 

Inadequate Information to Assess Carcinogenic Potential, and Not Likely to Be Carcinogenic to 

Humans .  The URE is the upper bound risk estimate of cancer risk from a lifetime exposure to a 

concentration of 1 microgram per cubic meter.  The “RfC” column lists reference concentrations 

and similar values (i.e., RELs, MRLs) that were used in this assessment.  The reference 

concentration (RfC) is an estimate, with uncertainty spanning perhaps an order of magnitude, of 

an inhalation exposure to the human population (including sensitive subgroups) that is likely to 

be without appreciable risks of deleterious effects during a lifetime. The “target system” columns 

show up to three organs or organ system adversely affected at the lowest dose in human or 

animal studies.  Other information on individual substances is shown in footnotes. 
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